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INTRODUCTION
During the fall of 1958, Chessin observed some white clover 
plants (Trifolium repens L.) in the lawn of Montana State University, 
showing mosaic symptoms. On a survey of the university laifê the mo­
saic disease was found to be widespread. It was thought interesting 
to study the virus, since no virus has been reported previously on 
white clover plants from the State of Montana, and in view of its 
widespread occurrence here. The disease, as well as the virus which 
looked apparently similar to White clover mosaic virus, has been 
under investigation since then. Weiss (1939) studied a mosaic dis­
ease of white clover and classified the virus as Trifolium virus 1*
Sammons (1958 unpublished) made a preliminary host range study 
of the Missoula White clover mosaic virus. This study indicated cer­
tain deviations from Johnson*s (1942) work on White clover mosaic 
virus complex from the State of Washington, consequently it became 
necessary to continue the study of the local virus to establish its 
identity. Johnson (1942) isolated two distinct entities from white 
clover plants affected by mosaic which he designated as Pea mottle 
and Pea wilt. His studies and conclusions were based on host range 
studies, symptomatology, thermal death point, and dilution end point* 
The investigations on legume viruses in the past were mostly based 
on host range studies and properties such as dilution end point, 
thermal inactivation and longevity studies. These studies in only 
few instances were extended to serology and electron microscopy, two 
very important tools in the identification of viruses. More and more
I
2
attention is being focused on these recent methods of study and on the 
intrinsic properties of the virus. An attempt has been made here to 
employ as many of these techniques as possible to study and character­
ize the virus complex in question.
Almost simultaneously with these investigations, Scott (1959) 
made a study of White clover mosaic virus in California, Bos et al 
(1959) in the Netherlands, Bancroft et al (1959, I960) in Indiana,
Fry (1959), Fry et al (I96O) in New Zealand and Pratt (I96Q personal 
communication) in Canada.
COLLECTION AND IDENTIFICATION OF VIRUS
The first collection of white clover plants showing mosaic in 
Montana was made by Chessin and Sammons during the months of September- 
October 1958 from the lawn in front of the Law Building at the Montana 
State University. It was observed that the mosaic was widespread in 
different parts of the University lawn. They made a preliminary host 
range study of the virus. For the present study, a single diseased 
plant was selected for the stock culture of the virus. All subcultures 
were made from this plant to healthy French bean (Fhaseolus vulgaris L. 
cv. Bountiful) and Vicia faba L. plants maintained in a greenhouse at 
70^F + 10° and with approximately 18 hours of illumination each day.
The virus was found to be easily transmissible by sap inoculation with 
carborundum (500 mesh) as an abrasive. A powder blower was used to 
dust the carborundum uniformly on the leaves to be inoculated. All 
inoculations were made using the forefinger. Crude juice diluted in 
O.OIM phosphate buffer pH 7 was routinely used as inoculum except as 
otherwise indicated, and was prepared from plants that had been infected 
for 3-4 weeks. The leaves were crushed with the help of a pestle and 
mortar and strained through two layers of cheesecloth. The inoculations 
were mostly made in the afternoon. The letters WCMV have been used to 
to denote White clover mosaic virus.
Host range studies. A basic host range using some of the species 
used by Johnson consisted of the following species; Trifolium repens L., 
Vigna sinensis (L.) Endl., Raphanus sativus L*, Lycopersicon esculenturn
Mill., Zea mays L., Beta vulgaris L., Nicotiana tabacum L., Triticum vul­
gar e L., Datura stramonium L., Zinnia sp., Pisum sativum L., Fhaseolus 
vulgaris L., Lathyrus odoratus L., Vicia faba L., Medicago sativa L*, 
Spinacia oleracea L., Cucumis sativus L., Gomphrena globaea L,, Chenopo— 
dium amaranticolor Costa, and Reyn., Lactuca sativa 1., Astragalus racemo- 
sus Pursh., Fhaseolus aureus Roxb., Fhaseolus coccineus L., Antirrhinum 
ma .jus L., Capsicum annuum L., Nicotiana glutinosa L,, and Solanum nigrum 
L. The results of the host range study and a comparison with Johnson’s 
and Scott’s data are summarized in TABLE 1* The symptoms produced by 
Missoula White clover mosaic virus on Vicia faba, Fhaseolus vulgaris, 
Chenopodium amaranticolor, Pisum sativum cv. Wisconsin Perfection, and 
Trifolium repens are shown in Figures 1, 2, 3, k» and 5*
TABLE 1 - Host range of White clover mosaic virus. Comparison between 
symptoms of Missoula WCMV, Johnson’s Pea mottle and Pea wilt 
and Scott’s WCMV.
Host Plant
Johnson’s 
Pea Pea
Mottle Wilt
Scott’s Missoula White clo- 
WCMV ver mosaic virus
Amarantaceae
Gomphrena glotosa L.
^Gomphrena globosa L, 
cv. Cissy
Chenopodiac eae 
Beta vulgaris L.
Beta vulgaris L.
cv. Early Egyptian 
Chenopodium amaranti­
color Coste. and Reyn, 
Spinacia oleracea L, 
cv. King of Denmark
M
Local lesions on 
inoculated leaves, 
very distinct 
Local lesions on 
inoculated leaves, 
very distinct
Local necrotic lesions 
on inoculated leaves'*' 
Systemic chlorotic 
spots and mottle 
• • •
Systemic diffuse mottle, 
plants stunted, leaves 
distorted
TABLE 1 - continued
Host Plant
Johnson’s 
Pea Pea Scott * s
Mottle____Wilt_____WHMV
Missoula White clo­
ver mosaic virus
cv* New Hybrid
cv. Dark Green 
Prickly Seeded 
Compositae
Lactuca sativa L, 
cv. Grand Rapids 
Zinnia elegans Jacq. 
cv.Lilliput Mixed 
cv.Dahlia FI. Mixed 
cv.Giant Hybrids 
Cruciferae
Raphanus sativus L. 
cv. Scarlet Globe 
Cucurbitac eae
Cucumis sativus L, 
cv.Hoston Pickling 
cv.Chicago Pickling 
cv.Earliest of all 
cv.Heinz Pickling 
cv.Nat’l Pickling 
cv.Straight Eight 
Gramineae
Triticum vulgare L. 
Zea mays L. 
Leguminosae
Astragalus racemosus 
Pbrsh.
Lathyrus odoratus L. 
cv. Blue
cv. C. Mixed 
cv.Giant Spencer 
Royal Purple 
cv.Bridal Veil 
cv.Cardinal 
cv.Spencer Peace 
cv.Treasure Island 
cv.Perennial Mixed 
Medicago sativus L. 
Fhaseolus aureus Roxb. 
Fhaseolus vulgaris L. 
cv.Kentucky Wonder
YL 
# # 0 
* # » 
• « •
• • • 
^ #
M
M
M
M
VC
m
M
# • #
#  * *  
• • •
• « •
# # #
Distinct systemic mottle^ 
plants slightly stunted, 
leaves show puckering
. « • • • •— — • « •
. . • # # # ——
... # » # ...
. . « * » * Brown necrotic areas on some leaves and general 
wilting
... • • • M
... 0*0 NS, general wilting
m,LN * # # • • •m,LN • « • « • •
... # # *m,LN # * * • « »
• • • • • • RS,m
Ml, W « • • m
RSjNS NS NS
—— ... m,interveinal areas 
dark green
TABLE 1 - continued
Host Plant
Johnson* s 
Pea Pea Scott * s
Mottle Wilt WCMV
Missoula White clo­
ver mosaic virus
cv.Red Kidney m,YL m
• • •
• * • 
• • • 
• • •
cv.Blue Lake 
cv.Sure Crop S.Wax
cv*Top Crop 
cv. Bountiful 
cv.Beka
cv.Pinto 
P. coccineus L.
cv.Scarlet R.Pole 
Pisum. sativum L. 
cv.Alaska
cv.Perfection
cv.Wando
cv.Tiny Tim Midget 
cv,Dwarf Telephone 
cv.World* s Record 
cv.Littie Marvel 
cv.Laxton Progress
cv.Wisconsin 
Perfection 
cv.Perfected Wales 
cv,Mansholt
Trifolium repens L.
Vicia faba L,
Vigna sinensis(L.)
Endl,
Scrophulariaceae
Antirrhinum ma.jus L,
cv,Giant Crimson M
cv.Giant White M
cv.P.Mixed .,,
• • •
« • *
* • • 
• • • 
# # #
M,CLL
m^dark green areas 
lining the veins 
M
M^ dark green flecking 
in interveinal areas 
M 
M
M,necrosis and dis­
coloration in petioles
« • •
M m,LN • « • LN,finally complete 
wilting, mottling on 
young leaves on some 
plants which survived
M LN M^N LN,finally complete 
wilting, and bright 
systemic mottle in 
plants which survived
• • • • • * e # A LN
« • * • « * * # * LN
M LN M,N LN
... LN
M LN • • • LN
M LN • « . LN,mottling and vein clearing on some young 
leaves
• * o • « • * #. LN
• * • • • • ... LN
* * # • • • LNM M M Bright mottle
M,NS m,RS M,NS Systemic bright mottle necrotic spotting
m, BLL m,CLL m,necrotic spots ap-
pearing at irregular 
intervals
... • • • 
* • •
7
TABLE 1 - continued
Johnson*s
Pea Pea Scott * s Missoula White clo­
Host Plant Mottle Wilt WCMV ver mosaic virus
cv.Super Giants • • • M • * «
Mixed
Solanaceae
Capsicum annuum L. • • • • • • * * *Datura stramonium L, —— ^̂1 ■ ■ • • • ——Lycopersicon esculent urn-- -- • • •
Mill.
cv.Giant Ponderosa ... • • a • • * —Nicotiana glutinosa L. -- — — — • • « --Nicotiana tabacum L, ' ' *——— • • • ' ■ —■
cv*Turkish • • • • • • • • «
Solanum nigrum L. — — • * • -
M - mottling
YL - systemic yellow lesions
NS - necrotic spotting
RS - ring spotting
LN - basal leaf wilting and necrosis
ELL - brown local lesions
CLL = chlorotic local lesions on primary leaves 
NIL - necrotic local lesions on inoculated leaves 
••• = species not used
  = no symptoms or nonsusceptible
* = virus recovered on back inoculation
VC = vein clearing
? = symptoms questionable and doubtful
Similar descriptions with small letters indicated these symptoms were 
mild.
a
B
Figure
A comparison of healthy Vicia faba (A) and V. faba infected
with White clover mosaic virus (B)
B
figure 2.
A comparison of healthy Fhaseolus vulgaris (A) and P* vulgaris
infected with White clover mosaic virus (B)*
10
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Figure 3*
A comparison of healthy Chenopodium amarant ic olor (A) and
C# amaranticolor infected with Imihite clover mosaic virus (B)*
n
B
Figure 4# A comparison of healthy Pisum sativum cv. Wisconsin Perfection
(a ) with those inoculated with White clover mosaic virus (B)*
12
B A
Figure 5. Healthy Trifolium repens (white clover) (A) and white clover 
inoculated with White clover mosaic virus (B)#
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The symptoms produced by Missoula White clover mosaic virus on the 
various species inoculated compare very well to the symptoms produced by 
Johnson's Pea mottle and Pea wilt viruses except in a few cases* The 
Missoula WCMV and Scott's WCMV do not produce any symptoms on any of the 
cucumber varieties tested whereas Johnson's Pea mottle causes systemic 
yellow lesions* The symptoms on peas also indicate certain differences*
The only species where mottle symptoms were noticed on inoculation with 
Missoula WCMV was Pisum sativum cv* Perfection, whereas in all the other 
varieties tested, a pronounced gradual wilting of the entire plant and 
necrosis were the only symptoms noticed* Even with Pea cv* Perfection 
the mottle symptoms appeared later on plants which survived wilting*
Back inoculations from these Pea plants showing mottling to G* globosa 
plants resulted in the production of local lesions on the latter host.
This suggested a possibility of Pea mottle and Pea wilt being present in 
the Missoula WCMV* Scott reported mottling and necrosis on pea varieties 
tested by him. The symptoms on cowpea show differences in that the John­
son's Pea mottle virus produces local lesions on this host whereas Missoula 
WCMV produces necrotic spots appearing at irregular intervals* The reac­
tion of Scott's isolate resembles Missoula WCMV in this respect* The 
appearance of distinct local lesions on G, globosa (2 varieties) on ino­
culation with Missoula WCMV is a new record of a local lesion host for 
this virus* Bos et al (1959) used detached leaves of G. globosa on moist 
blotting paper in Petri dishes but failed to obtain any symptoms with his 
WCMV* Bancroft et al (I96O) used G* globosa in their studies on WCMV but 
did not get any symptoms with their virus isolate* Wilkinson and Blod­
gett (I94Ô) found G, globosa a useful plant for qualitative and quantita­
14
tive work with potato virus X# Ramamurthi et al (1958) reported the for­
mation of local necrotic lesions by Red clover vein mosaic virus on G* 
globosa» The details are discussed in later pages» Back inoculations 
to Vicia faba L. were made from all those species which did not show any 
symptoms after inoculation with WCMV to see if any of the species were 
symtomless carriers of the virus* The results of some of the back inocu­
lations are presented in Table 2. However, no virus could be recovered 
from any of these species except in one case of Astragalus racemosus 
where back inoculations from this species to P. vulgaris cv* Bountiful 
showed some symptoms* C* amaranticolor has been used for the first time 
in the present study with White clover mosaic virus, and found susceptible 
producing systemic chlorotic lesions and a slight diffuse mottle * Rollings 
(1956, 1957) studied the reaction of several viruses on Ĉ* amaranticolor 
and found many of them producing positive symptoms varying from local 
lesions to systemic infection and suggested that this plant could serve 
as a diagnostic and quantitative host for several of the viruses. He 
found that Lucerne mosaic (Alfalfa mosaic) virus produces numerous faint 
semi-necrotic local dot lesions after 4-6 days with rapid systemic inva­
sion a day or two later* The plants then showed severe leaf curling and 
buckling of the young leaves and stunting* The symptoms were found to be 
distinctly diagnostic. This reaction resembles the reaction produced by 
White clover mosaic virus on this host except that WCMV does not produce 
any curling, buckling and stunting* These reactions on Ç* amaranticolor 
have been observed with the Missoula isolate of Alfalfa mosaic virus and 
Missoula WCMV*
Gibbs (1961 personal communication) reports the formation of local
15
lesions on G. globosa with his Alfalfa mosaic virus from Rothamsted and 
a reaction similar to that obtained by Rollings on amaranticolor* Bos 
(1961 personal communication) confirms this observation of Gibbs with the 
Alfalfa mosaic virus from Netherlands. The production of local lesions 
by Alfalfa mosaic virus on G. globosa has not been recorded in this coun­
try, and it seems probable that this might be due to strain differences 
of the virus, the reaction, so far, only occurring with European strains 
of the virus. The Missoula isolate of Alfalfa mosaic virus does not pro­
duce any local lesions on G. globosa.
TABLE 2. Results of some of the back inoculations from species inocu­
lated with Missoula White clover mosaic virus.
From inoculated to Symptoms
Astragalus racemosus Fhaseolus vulgaris
cv. Bountiful
<iv.Beta vulgaris ve-. 
Early Egyptian
Beta vulgaris 
(Field Beet)
Chenopoditim amaran— 
ticolor
Cucumis sativus cv. 
Boston Pickling
Cucumis sativus cv. 
Chicago Pickling
Pisum sativum cv. 
Perfection 
Vicia faba
Vigna sinensis 
V. faba
2» amaranticolor
P. sativum cv. 
Perfection 
V. faba
P. sativum cv. 
Perfection
P. sativum cv. 
Perfection 
P. sativum cv. 
Perfection
mild diffuse mottle
one plant out of 13 showed 
mottle
systemic mottle on all plants 
characteristic of the virus
no symptoms 
no symptoms
systemic chlorotic spots and 
mottle
systemic mottle
systemic mottle on all plants
no symptoms
no symptoms
no symptoms except in one 
plant out of eight, which 
showed mottle
16
TABLE 2 - continued
From inoculated to Symptoms
3V. Sinensis no symptoms
Gomphrena globosa 
(young uninoculated 
leaves)
C. sativus cv. 
Boston Pickling 
P. vulgaris cv. 
Top Crop
no symptoms 
no symptoms
Gomphrena globosa 
cv. Cissy (inocu­
lated leaves only)
B. vulgaris cv. 
Early Egyptian 
P. sativum cv. 
Perfection 
V. faba
local necrotic lesions 
inoculated leaves 
systemic mottling
Systemic mottle on all 
inoculated plants
on
the
Lactuca sativa G. globosa 
V, faba
no symptoms 
no symptoms
Lycopersicon escu- 
1enturn cv* Giant 
Ponderosa
V. faba one plant out of seven 
systemic mottle
showed
Pisum sativum cv. 
Perfection (showing 
mottle)
G* Globosa local lesions
Raphanus sativus cv. 
Scarlet Globe
V. faba one plant out of eight 
systemic mottle
showed
Zinnia elegans cv, 
Lilliput Mixed
V. faba one plant out of eight 
systemic mottle
showed
Back inoculations from cowpea showing mosaic to P. vulgaris cv* 
Kentucky Wonder resulted in mosaic on all bean plants, the symptoms re­
sembling those on P* vulgaris cv. K. Wonder plants which were inoculated 
from the original virus* On the other hand back inoculations from inocu­
lated P* vulgaris cv* K. Wonder to healthy cowpea plants showed few 
necrotic spots appearing irregularly and mild mottle. These results of 
cross inoculations are in contradiction to Johnson*s work according to
17
which cowpea takes one component (Pea wilt virus) of White clover mosaic 
virus complex whereas P. vulgaris cv* K. Wonder takes the other (Pea 
mottle virus) component.
Transmission studies* Johnson (1942) reported ttat dodder (Cuscuta 
campestris Yunck*) could transmit only Pea mottle virus, while Pea wilt 
virus could infect cowpea (V. sinensis)3 a plant resistant to Pea mottle 
virus* This was the basis of his separation of Pea mottle and Pea wilt 
viruses from the complex. He reported that Pea mottle virus could be 
separated by dodder, even by mechanically inoculating broadbean with 
dodder that had been removed from infected hosts* Scott (1959) failed 
to confirm Johnson*s finding and did not get any transmission through 
dodder. In the present work dodder was attached to diseased broadbean 
plants for 30 days after which pieces were removed and healthy broadbean 
plants were mechanically inoculated with the extracted sap* The control 
plants were inoculated with extract from healthy dodder treated in exact­
ly the same manner from the healthy broadbean plants. Out of 9 broadbean 
plants inoculated, B plants showed characteristic systemic mottling symp­
toms of White clover mosaic virus, thus showing that the virus could be 
obtained through dodder* There was no difference between the symptoms 
caused by the original Missoula WCMV and those caused by the virus passed 
through the dodder on the broadbean plants*
In a separate experiment, 6 healthy plants each of Pisum sativum 
cv. Perfection and Vicia faba were connected with dodder to infected 
plants of the same species* The dodder bridge was kept attached for 5 
weeks after which the plants were separated. In another 5-6 weeks symp­
toms were observed on the previously healthy plants* Four pea plants
lô
and 2 broadbeans (out of 6 plants of each) showed mottle symptoms as 
caused by White clover mosaic virus in earlier experiments. This estab­
lished positively the transmission of the virus by dodder.
Successful transmission by means of white flies (Bemisia tabaci 
Genn,) of Abutilon mosaic virus was reported by Orlando and Silberschmidt 
(1946) and of Yellow vein mosaic virus of Bhindi (Abelmoschus esculentus) 
by Uppal and his co-workers (1940), This formed a basis for an attempt 
in the present investigations. An effort was made to transmit the virus 
through Myzus persicae Sulz, and Bemisia tabaci. The insects were given 
various acquisition feeding periods and inoculation feeding periods.
The results are summarized in Table 3* No transmission could be obtained 
in any of the experiments, Johnson (1942) and Scott (1959) also failed 
to obtain any transmission of the viruses in question with similar exper­
iments using M, persicae and Macrosiphon pisi Kalt, In the present 
investigations, besides M, persicae* B, tabaci was also tried,
TABLE 3* Results obtained in attempts to transmit White Clover mosaic 
virus with Myzus persicae Sulz, and Bemisia tabaci Genn,
In an effort to find whether the Missoula White clover mosaic
virus could be transmitted through the seeds, plants of the following
species were inoculated and seeds were raised from these plants:
Phaseolus vulgaris 
cv. Blue Lake 
cv, Kentucky Wonder 
cv. Red Kidney 
cv. Top Crop 
Vigna sinensis 
Trifolium repens
The results of this experiment are summarized in TABLE 4* No 
transmission could be obtained through seeds of any of the above species.
TABLE 3# Results of attempts to transmit White clover mosaic virus with Myzus persicae Sulz, and 
Bemisia tabaci Genn,
SdUrce plant Insect speciea
No, of 
insects per 
test plant
Acquisition
feeding
period Test plant
Inoculation
feeding
period
No,of 
plants 
tested
No, of
plants
diseased
3ays test
plants
observed
Trifolium repens M. persicae 5 5 min,'K' T- repens 30 min. 6 0 30
T, repens M. persicae 5 8 hrs. Ï- repens 24 hrs. 4 0 30
T, repens M, persicae 15 24 hrs. T. repens 4Ô hrs. 6 0 40
Vicia faba M, persicae 15 5 min.* h faba 30 min. 4 0 40
V, faba M. persicae 15 24 hrs. V. faba 48 hrs. 6 0 30
T, repens B, tabaci 15 2 hrs. T. repens 24 hrs. 6 0 40
T, repens B, tabaci 15 24 hrs. T, repens 48 hrs. 6 0 40
V, faba B, tabaci 15 S hrs. V. faba 24 hrs. 6 0 40
V, faba B, tabaci 15 24 hrs. V. faba 48 hrs. 6 0 40
* The aphids were given a pre-acquisition feeding fasting period of 2 hrs.
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TABLE 4o Seed transmission tests*
Inoculated host 
plant from which 
seeds obtained
No. of plants 
raised from the 
seeds
No. of plant s 
showing symp­
toms
Days kept under 
observation
Phaseolus vulgaris 
cv. Blue Lake
42 1? 30
P* vulgaris
cv. Kentucky Wonder 41
0 30
P. vulgaris 
cv. Red Kidney
20 0 30
P. vulgaris 
cv. Top Crop
10 0 30
Vigna sinensis 17 0 30
Trifolium repens 10 0 40
The symptoms were questionable,
Thermal inactivation point determi nation. Diseased broadbean 
plants were crushed with a pestle and mortar without adding any diluent * 
The crushed material was strained through two layers of cheesecloth. Two 
ml* of extract were placed in separate thin-walled glass tubes. These 
tubes were placed in a water bath at different temperatures ranging from 
55^C« to 70®C. in one experiment and 55^0. to BO^C* in another experiment, 
A control tube at room temperature was kept in each case and inoculations 
were made from all these treated as well as control tubes to healthy 
broadbean plants* The results are summarized in TABLE 5» The plants 
were kept under observation for 5 weeks*
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TABLE 5» Results of experiments on thermal inactivation point determin­
ation for Missoula WCMV*
Treatment Experiment 1 Experiment 2
Untreated, Control 8/8 * 10/10
55°C. 8/8 10/10
58° 8/8 10/10
60° 7/8 9/10
62° 7/8 9/10
65° 7/8 8/10
70° 3/8 3/10
75° — 1/10
80° - 0/10
* The denominator in each case represents the number of plants inocu­
lated whereas the numerator shows the number of plants found diseased*
It is evident from TABLE 5 that the thermal inactivation point of 
the Missoula WCMV lies between 75^ and 80®C* This is higher than that 
reported by Johnson for his Pea mottle or wilt viruses and by other wor­
kers for their “White clover mosaic virus isolates* Bancroft et al 
(i960), however, also reported a thermal inactivation point between 
75O-.8OOC.
Dilution end point * Infectious plant juice was obtained as des­
cribed for thermal inactivation point determination and was diluted with 
distilled water in different proportions* Three different species of 
test plants were used in this case. Vicia faba. Chenopodium amaranticolor.
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and Gomphrena globosa cv. Cissy. Seven plants of Vicia faba, 2 plants 
of Gomphrena globosa, and 2 plants of Chenopodium amaranticolor were 
used for each treatment, and two sets of plants were inoculated at the 
same time. The results are summarized in TABLE 6,
TABLE 6. Results of experiments on dilution end point for Missoula WCMV.
Treatment
Vicia
faba
Chenopodium 
amarant icolor
Gomphrena
Klobosa
Undiluted U/14 * 4/4 local lesions
1/100 14/lif 4/4 local lesions
1/1000 12/14 4/4 local lesions
1/2000 10/14 4/4 local lesions
1/10,000 14/14 4/4 local lesions
1/100,000 0/14 0/4 no symptoms
1/1,000,000 0/14 0/4 no symptoms
1/10,000,000 0/14 0/4 no symptoms
* The denominator in each case represents the number of plants inocu­
lated whereas the numerator indicates the number of plants showing 
positive symptoms.
The dilution end point of the Missoula WCMV thus has been found 
to be between 1/10,000 and 1/100,000 which agrees with that reported by 
Johnson for his Pea mottle virus*
A comparison of the thermal inactivation points and the dilution
end points as reported by different workers, including the present work,
has been made in TABLE 7. It is found from this table that there is a
range of 5Ô°-Ô0®C. for the thermal inactivation point and a range of
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1/2,000 - 1/1,000,000,000 for the dilution end point as reported by sev­
eral workers.
TABLE 7« Comparison of thermal inactivation and dilution end points as 
reported by different workers.
References,
(White clover mosaic virus)
Thermal inacti­
vation point
Dilution end 
point
Zaumeyer & Wade (1935) 1/2,000
Pierce (1935) 5a°c.
Johnson (1942) Pea mottle 60O-62°C. 1/10,000-1/100,000
Pea wilt 58^-60°C. 1/100,000-1/1,000,000
van der Want (1956)
isolate 1947 6oO-65°C. 1/100, OOCV-l/l,000, 000
isolate 1953 60°-65°C. 1/10,000
Quantz (1956) 58*0. 1/100,000-1/1,000,000
Bos et al (1959) 58®-70®C.
(variable)
1/10,000-1/1,000,000,000
Fry (1959) 60°-62°C. 1/1,000,000-1/10,000,000
Present investigation (i960) 75O-80°C. 1/10,000-1/100,000
Bancroft et al (I960) 75°-80°C. 1/100,000-1/1,000,000
Local lesion host studies. During the course of the host range 
studies with the Missoula ‘WCMV’, primary necrotic lesions were produced 
on Vigna sinensis. Beta vulgaris, Chenopodium amaranticolor, Phaseolus 
aureus, and Gomphrena globosa. In all these species except Gomphrena, 
the virus becomes systemic and in some cases secondary necrotic lesions 
are also produced. Moreover the lesions are not very distinct in certain
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cases and sometimes appear inconsistently. In the case of G. globose, 
both the varieties inoculated produced very distinct local lesions 
(Figure 6) which could be noticed as early as 4 days after inoculation. 
This plant species does not support systemic infection by the virus. A 
preliminary study was made to explore the possibility of using this 
species for qualitative as well as quantitative work with White clover 
mosaic virus.
Seeds of G. globosa cv. Cissy were obtained from the State Nursery 
and Seed Company, Helena, Montana (the variety was created by Bodger Ltd, 
at El Monte, California) and the other variety was obtained through Dr.
A. F, Ross, Department of Plant Pathology, Cornell University, Ithaca,
N. Y, The seeds were planted in vermiculite, and the seedlings were 
transplanted to 4 inch pots when about 2 inches high. Plants with at 
least three pairs of leaves were used about 6—3 weeks after the seeds 
were sown. All leaves except those to be inoculated were removed at 
least 2 days before inoculation. The inoculations were made in the af­
ternoon. After inoculation all the leaves were immediately rinsed with 
tap water. Distinct necrotic local lesions were usually first visible 
in 4 days and well formed in 8-10 days, when the final counts were made. 
All inoculations were based on the use of opposite leaves since it was 
not very convenient to use the half-leaf method, the lamina being com­
paratively small. The relative infectivities of different dilutions of 
the virus were compared directly by inoculation of opposite leaves on 
different plants. For a comparison of the relative infectivities of 4 
inocula, a balanced 4-solution inoculation scheme was used for use on 6 
plants each with 6 leaves, so that every inoculum could be used at dif­
ferent leaf positions in different plants. The experiments were repeated
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Figure 6*
Local lesions on Ctomnhrena globosa infected with Trfhite clover 
mosaic virus
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five times* Phosphate buffers were prepared by mixing equimolar solu­
tions of Na^HPO^ * 7H2O and KH2P0^ to obtain a pH of 7*0. Acetate buffer 
was used to obtain a pH of 5 by mixing O.IM acetic acid with O.IM sodium 
acetate.
Celite mixed with the inoculum in a ratio of 0.25 gm. celite per 
5 cc. of the inoculum was used as an abrasive. The inocula were applied 
with the fore-finger in all cases and renewed on the finger after each 
leaf. A constant number of strokes (10 strokes) were given to each leaf 
for inoculation. Preliminary tests were made on separate plants with 
different dilutions of the inoculum in tap water. The 4-solution scheme 
was used to compare the effect of different diluents on lesion formation. 
Four comparable inocula were prepared by equal dilution of crude juice 
in (1) O.IM phosphate buffer, pH 7̂  (2) O.OIM phosphate buffer, pH 7a 
(3) O.IM acetate buffer pH 5.1 and (4) tap water pH 6.3. One part of 
crude juice to four parts of buffer or water was used for this experi­
ment. The scheme of inoculation is shown in TABLE Ô, and the data are 
summarized in TABLE 9.
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TABLE B» Four—solution inoculation scheme for the comparison of the rela—
tive infectivities of White clover mosaic virus on Gomphrena
globosa plants.
Leaf No. 1 2
Plant No. 
3 4 5 6
1 A C D B A B
2 C A C D B D
3 D G A B D B
4 C D B A C D
5 A B C D A C
6 B D A C B A
A — Inoculum in O.IM phosphate buffer pH 7
B - Inoculum in O.OIM phosphate buffer pH 7
C - Inoculum in O.IM acetate buffer pH 5.1
D — Inoculum in tap water pH 6.3
TABLE 9. Number of lesions formed on Gomphrena globosa leaves, using 
different diluents.
Inoculum in Expt.
Number of 
1 Expt .2
lesions on 
Expt.3
9 leaves 
Expt. 4 Expt. 5
O.IM phosphate buffer 35Ô 252 144 191 325
O.OIM phosphate buffer 517 512 104 205 374
O.IM acetate buffer 251 154 47 16 34
Tap water 562 380 109 135 219
The data in TABLE 9 suggest that the maximum number of lesions
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are formed when O.OIM phosphate buffer is used, since in three out of 
five experiments the number of lesions is maximal for this buffer. It 
did not seem advisable to run a statistical analysis on these data, be­
cause of several biological variations involved.
In a separate experiment different dilutions of the virus in water 
were made and inoculated on to different leaves of G. globosa plants.
The experiment was repeated 5 times on different occasions and the data 
are summarized in TABLE 10. The dilution curve is plotted in Figure 7, 
representing the average of the results of all the experiments. It is 
seen from the dilution curve that dilutions between 1/1,000-1/10,000 show 
a straight line tendency. However, much more detailed work is needed be­
fore any definite conclusions can be made.
TABLE 10. Number of local lesions produced on Gomphrena globosa by 
different dilutions of White clover mosaic virus.
Average number of lesions per leaf 
(six leaves for each experiment) 
Treatment Expt. 1 2 3 4 5
Average 
of all 
expt s.
Undiluted 61.00 2.50 10.30 98.50 74.50 49.40
1/10 ---- 3.10 58.00 30.50
1/100 14.70 23.10 3.00 29.70 52.00 24.50
1/1,000 8.30 5.66 0.83 3.50 6.00 4.90
1/2,000 0.83 1.50 1.00 8.00 7.00 3.70
1/10,000 0,66 0.66 0 4.70 3.50 1.90
1/100,000 0 0 0 4.00 6.50 2.10
1/1,000,000 0 0 0 2.20 1.20 0.70
1/10,000,000 0 0 0 0.25 0 0.05
29
From these data it is quite clear that G. globosa is a suitable 
qualitative host but no definite conclusion can be derived as to its 
suitability for quantitative work* Only a detailed study working out a 
satisfactory transformation using various possible experimental designs 
and examining the relative size of the errors resulting from different 
designs superimposed on the same batch of experimental data could give 
a final answer. It will be necessary to ascertain the extent of error 
resulting from variation due to plant, leaf and environment before this 
plant can be used for quantitative assay of this virus*
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Figure 7« Dilution curve of
White clover mosaic 
virus.30 -
70 ĈO
SEROLOGICAL STUDIES
The role of serology in virus study cannot be overemphasized and 
its contribution towards characterization and identification of viruses 
has only beai realized comparatively recently. However, in this short 
period the amount of literature published and the contributions of work­
ers such as Beale (1928), Birkeland (1934), Chester (1935), Landsteiner 
(1945), Matthews (1948, 1957), Bawden (1956), and van Slogteren (1944, 
1952, 1954) have placed this aspect of plant virus study on a sound 
footing. For quite a number of legume viruses antisera are already 
available. The exchange of antisera between workers in different coun­
tries has been suggested by some workers (Bos et al, I96O) and has been 
initiated. The Committee on Virus Type Culture Collection of the Amer­
ican Phytopathological Society (Phytopathology June I96O) has started a 
project to produce plant virus antisera on a commercial scale so that 
they could be available to workers all over the world. Ant is era against 
a large number of viruses have been obtained with success.
An antiserum against the Missoula White clover mosaic virus was 
obtained for the present investigations in this laboratory. The details 
of the procedure are outlined below.
Preparation of antisera. Broadbean plants that had been infected 
with White clover mosaic virus for 3O-6O days in one instance and 2? days 
in another instance were used as the source of virus antigen. Leaves 
from infected plants were ground with a pestle and mortar and the sap 
was expressed through two layers of cheesecloth. The sap was centrifuged 
for 30 min. at 3,000 X g. The supernatant was recentrifuged for 20 min.
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at 2,OCX) X g* The rabbits were bled before injecting, for normal serum. 
Three intracutaneous injections of 0.2 ml. of the virus extract each 
were given to each of the rabbits every other day during the first week. 
During the second and the third weeks 2 subcutaneous injections per week 
of 3*0 ml, each in Freund*s adjuvant (Freund 1947) (1 part extract: 1 
part of adjuvant) were given to each of the rabbits. In this way each 
of the rabbits was given a total of 9 injections spread over a period of 
three weeks. This was thought necessary since almost crude extract was 
used which apparently did not have a high concentration of the virus, in 
the absence of any facilities for purification of the virus. The animals 
were trial bled after two weeks from the ear and the antiserum obtained 
tested against the virus. The titre was not very high, and after another 
week the rabbits were bled through the heart to get about 100 ml, of 
blood. The blood was placed in the refrigerator (4^0,) overnight and 
the following day centrifuged for 20 min, at 2,000 X g. and a clear serum 
obtained. The same rabbits after a rest period of a few weeks were given 
a further course of injections with the same virus to see if the titre 
of the antiserum could be raised. No significant increase in the titre 
could be found. The serum was frozen and stored in small bottles in the 
freezing compartment of the refrigerator.
Serological technique. Sap from diseased and healthy broadbean 
(Vicia faba) plants to be used for the serological tests was obtained by 
grinding the leaves in a mortar and pestle using 1 ml, of buffered saline 
(O.OIM phosphate buffer + 0,05 g/lOO ml, NaCl) for each gram of leaf ma­
terial, The extract was squeezed through cheesecloth, centrifuged for 
20 min, at 3,000 X g, and the clear supernatant used for testing against
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the antiserum. All antigen and serum dilutions were made in buffered sa­
line. The tube precipitin test and van Slogteren*s Petri dish method (1954) 
were used for all the serological tests. In the latter, equal volumes of 
antigen (leaf extract containing virus) and serum at various dilutions were 
placed in the form of drops on formvarcoated Petri dishes with micro-pip- 
ettes, stirred, covered with mineral oil and incubated at 37°C. Antigen- 
normal serum, antigen-saline solution, healthy sap-antiserum, healthy sap- 
normal serum and healthy sap-saline solution mixtures were also used in 
each test in addition to antigen-anti serum mixtures. An incubation period 
of one hour was normally required for distinct reaction although the tests 
were checked several times during this period.
Antis era were also obtained from Dr. H. A. Gold (California) and 
Dr. L* Bos (Netherlands) produced against their respective White clover 
mosaic virus isolates and tested against Missoula virus. The results of 
these tests are summarized in TABLES 11, 12, and 13.
eTABLE 11. Results of precipitin test with Missoula White ;dlover mosaic 
virus and its antiserum.
Ant igen (vxrxis) 
dilution 1/1 1/2 1/4 1/8 1/16 1/32 1/64
Sal- Healthy 
ine sap
Normal
serum
Anti serum I 
(undiluted)
+4-4- +++ ++ + + —
Antiserum II 
(undiluted)
+-M- ++ + + —
Normal serum - - — —
Healthy sap - -
Saline - -
* floccular ppt. indicating a positive serological reaction 
^  granular ppt. indicating the healthy reaction which is easily distin­
guished from the floccular ppt. representing a positive reaction 
— no reaction
The number of + signs is an indication of the quantity of precipitate.
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table 12# Reaction of the Missoula "White clover mosaic virus with Gold's 
anti serum and Missoula anti serum under paraffin oil.
Antigen( virus ) Antiserum dilutions Normal Sa-
dilution 1/4 1/16 1/64 1/256 1/1024 1/4096 serum line
Missoula 
antiserum
0 4-4.4-4-̂ -W-9.4. 4-+-4-+ 4-4-4- _2 - —
1/4 -W- 4- ?3 - — —
Gold * s 0 ++++ ++++ 4-4-4-4- ++4- - - -
antiserum 1/4 ++++ +++ + ? - - - -
1/16 4-4- 4- ± ? - — - -
Healthy 0 - — - - - - — -
1/4 — - - - - — - -
^ The number of + signs is an indication of the quantity of ppt.
^ No precipitate 
3 Reaction questionable
TABLE 13. Reaction of Missoula White clover mosaic virus with Dutch anti­
serum prepared against the Dutch isolate, under paraffin oil.
Ant igen(virus) 
dilution 1/8 1/32 1/128 1/512 1/2048 Saline
0 •5-4-* -4-4- — - - -
1/4 4-4-4- 4- — - — -
1/16 4-4- 4- 4- - — -
1/64 ? - - - — -
Healthy - - — - -
* floccular ppt., indicating a positive serological reaction 
^  granular ppt. indicating the healthy reaction 
— no reaction
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It is evident from TABLES 11^ 12^ and 13 that the Missoula White 
clover mosaic virus is serologically related to Scott and Gold's and 
Bos' White clover mosaic virus»
SEPARATION OF PEA MOTTLE AND PEA WILT VIRUSES 
FROM THE MISSOULA WHITE CLOVER MOSAIC VIRUS
Results of the host range study with the Missoula WCI4V compare 
in general with the results obtained by Johnson (1942) for his Pea mottle 
and Pea wilt and with Scott and Gold*s White clover mosaic virus (TABLE 1) 
except for certain minor differences. These results also compare well 
with the results of Bos et al (1959) and Quantz (1956) except for certain 
differences discussed in the following pages. It was thought probable 
that the Missoula isolate could be a complex resembling Johnson's complex 
since it showed features in common with his Pea mottle and Pea wilt.
Scott (1959) reported that his virus had features resembling both of 
Johnson's viruses but did not find any evidence of there being a complex.
The discovery of Gomphrena globosa as a local lesion host and 
Chenopodium amaranticolor as one of the systemically infected hosts in 
the present investigation facilitated a further study to find out if a 
complex was involved. Just during this period it was found that Dr. M.
J. Pratt in Vancouver, British Columbia, Canada, was also carrying out 
investigations on White clover mosaic virus isolated by him. Through a 
personal communication from him it was found that he was also able to 
obtain local lesions on G. globosa and was able to separate Pea mottle 
and Pea wilt viruses from his complex. The procedure as suggested by him 
to separate the two viruses was repeated and confirmed with the Missoula 
isolate. Back inoculations from inoculated Gomphrena leaves with local 
lesions to Pea cvs. Perfection, Alaska, and Laxton Progress invariably 
produced systemic mottling instead of producing wilting symptoms first.34
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“When the original ¥CMV was Inoculated on Pea plants, mottling was noticed 
in only a few cases. This indicated that the virus from the G, globosa 
local lesions was different in some way from the original virus, Pratt 
(personal communication) however, was able to get systemic infection on 
Gomphrena whereas all attempts to recover virus from systemic leaves of 
this host failed when inoculated with Missoula WCMV*
Cowpea plants were inoculated with Missoula WCMV and back inocu­
lations from these plants using young leaves not showing any symptoms were 
made after 2-3 days to Phaseolus vulgaris (French bean) plants. In about 
6-8 weeks symptoms appeared on these bean plants in the form of irregular, 
blotchy, diffuse mottling and slight internal necrosis in the petioles 
and main veins of primary leaves. The virus was passed again through cow­
pea from French bean plants and back to healthy plants of French bean 
where it was maintained for all further studies. Detailed serological 
tests (TABLE 14) revealed that Pea wilt virus could be separated in this 
manner.
For separating Pea mottle virus from the complex, healthy Chenopo­
dium amaranticolor plants were inoculated with Missoula WCMV* After about 
3 weeks back inoculations were made on Phaseolus vulgaris plants from the 
young Chenopodium leaves showing distinct systemic symptoms* The virus 
was reinoculated to healthy P* vulgaris plants from these inoculated 
French bean plants after 2 weeks* The symptoms produced on these French 
bean plants consisted of mottling of trifoliate leaves with tiny yellow 
flecks or dots (Figure 8) becoming brighter in young trifoliate leaves, 
and no internal necrosis* This virus was serologically tested and found 
to be related to Pratt’s Pea mottle*
The two viruses have been found to be serologically distinct
TABLE 14* Serological reactions between Pea mottle. Pea wilt and Dutch WCMV antisera and Pea mottle virus, 
Pea wilt virus, WCMV (Complex) isolated at Missoula
Antisera Pea mottle (Pratt) Pea wilt (Pratt) Dutch WCMV (Bos et al) Saline
Virus Dil. 1/3 1/32 1/128 1/512 1/8 1/32 1/128 1/512 1/8 1/32 1/128 1/512
Pea 0 +1 + + gg^Mottle
(from 1/4 t + ± — — - - — gg g — — —French
bean) 1/16 - - - - - - - - g g - -
Pea 0 + 4- 44
wilt
(from 1/4 — — — - + + + ? — + + + - + + 4 — —
French
bean) 1/16 — - — - 4+ - - ++ +++ 4 - ■ —
WCMV
(Com­ 0 •H- - +++ - - 4444 444 ?
plex)
from 1/4 ± + *? ++ + - ++ 44 44 - —
Broad
bean ■ 1/16 ■ _ - + - ■ - 4 4 4 ? -
French 0 ? gg gbean
healthy
sap
wo>
^ Flocculent precipitate representing a positive serological reaction 
 ̂Granular precipitate representing healthy reaction
- no precipitate 
The number of f signs is an indi­
cation of quantity of precipitate*
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Figure 8.
Symptoms produced by Pea mottle virus on Phaseolus vulgaris 
cv. Bountiful. Q\) J U ^  .
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(TABLE 14)> thus confirming that there are two viruses present in the 
White clover mosaic virus complex as originally reported by Johnson 
(1942). However, his method of separation could not be exactly duplica­
ted by any of the workers and in the absence of any method of separation 
it was unwise to regard the White clover mosaic virus as being a complex. 
It is now possible on the basis of this work and Pratt's to understand 
and correlate all the data obtained by different workers in different 
countries. This w i H  be discussed in later pages.
ELECTRON MICROSCOPE STUDIES
The ’’Quick Dip” method of Brandes (1957) was employed to make the 
electron microscope mounts using diseased and healthy leaves. A small 
drop of distilled water was placed on the electron microscope grid. The 
grids were obtained from Dr. Ribi, of the Rocky Mountain Laboratory, 
Hamilton, Montana. These grids were made according to the procedure 
described by Ribi et al (I96O). A surface cut through the infected por­
tion of the leaf was dipped in the drop for varying lengths of time.
The droplets were allowed to air-dry and the grids were then shadowed 
with palladium at 30®. The micrographs were taken at the Physico-Tech- 
nical Service of the Agricultural University, Wageningen, the Netherlands, 
in a Phillips electron microscope at a magnification of 16,000 X. The 
distribution of the sizes are presented in histogram form (Figures 9 and 
10).
In both the cases the particles were found to be thread-like, 
flexuous rods (Figures 11 and 12). No definite distinction can be made 
at this stage on the basis of morphology. The Pea mottle virus showed 
a modal length of 475-525 ryl whereas the Pea wilt virus showed a peak 
around 450 lÿZ. No electron microscope studies were made by Johnson (1942) 
with his viruses. Scott (1959) reported a modal length of 530-550 lyi 
for his White clover mosaic virus; Bos et al (1959) a size of 475 lÿi; 
Brandes and Quantz (1957) a standard length of 476 lÿJi; Fry et al (1959, 
i960) a peak at 4B0 lÿi and Bancroft et al (I96O) about 477 The re­
sults of electron microscopy of Pratt’s Pea wilt and Pea mottle are not 
known as yet*
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Figure 9 Distribution of the lengths of particles found associated
with Pea wilt virus.
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Distribution of the lengths of particles found associated
with Pea mottle virus.
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Figure 11, Electron micrograph of particles (flexuous rods) associated
with Pea wilt virus*
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Figure 12,
Electron micrograph of particles (flexuous rods) associated
with Pea mottle virus•
DISTRIBUTION OF THE MOTTLE AND WILT VIRUSES IN UNITED STATES
Since there has been considerable confusion as to the exact iden­
tity of the viruses constituting the White clover mosaic complex studied 
by different workers in different parts of the United States and also in 
different countries, it was thought of value to stuc^ the distribution of 
the Pea mottle and Pea wilt viruses in the United States* This has fur­
nished some very interesting data* White clover samples were obtained 
from different localities in the country through the cooperation of local 
virologists and plant pathologists* Each of these samples was carefully 
examined on arrival for any apparent symptoms present in the original ma­
terial. The samples were inoculated separately onto a standard differen­
tial host range consisting of Phaseolus vulgaris cv* Bountiful, Vicia 
faba, Gomphrena globosa, and Chenopodium amaranticolor* The standard 
inoculation procedure, as described earlier, was used for all these inocu­
lations* All the samples were tested against Dutch antiserum which was 
indicative of the presence or the absence of Pea wilt virus since as a 
result of the present study it was found that the Dutch White clover virus 
was Pea wilt* Inoculated French bean plants were used for obtaining the 
virus sap in all cases and extract from the healthy plants of the same 
variety was used for comparison* The results are summarized in TABLE 15* 
The initial symptoms in the table refer to whether the white clover leaves 
showed any mottling varying from slight and diffuse to prominent bright 
mottle, in the collected sample* The presence of these symptoms in vary­
ing degrees have been represented by + signs and a — sign represents no 
apparent symptoms. The presence of standard symptoms on the 4 differential
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hosts used has been represented by + sign which stands for symptoms on 
these plants as described below;
Gomphrena globosa + = local lesions on inoculated leaves
Phaseolus vulgaris + = asteroid spots on trifoliate leaves,
systemic mottle
Vicia faba + = systemic mottle
Chenopodium amaranticolor + = systemic chlorotic lesions and
mottle
A - sign under these hosts indicates that no symptoms were seen 
on these plants. Any additional symptoms have been represented by suit­
able abbreviations, wherever necessary. The production of local lesions 
on Gomphrena has been taken as a positive indication for the presence of 
Pea mottle coupled with the reaction on Chenopodium, since these plants 
produce symptoms normally with mottle virus only* The positive serologi­
cal reaction in addition to reaction on Broadbean (Vicia faba) and French 
bean (Phaseolus vulgaris) have been taken as indicative of Pea wilt virus. 
It is found from this table that the two viruses - Pea mottle and Pea 
wilt - are restricted to certain localities. No possible reason can be 
suggested at this stage for such a distribution.
4Ô
TABLE 15« Distribution of Pea mottle and Pea wilt viruses in the United 
States on white clover. Trifolium repens L*
1 2 
Sam­
ple Locality 
No. (Collector)
3
Init.
Symp.
4
G.&lo-
bosa
5
P.vul-
6
V.faba
7C.amar­
anti 
color
8
Dutch
anti-
serum
9
Viruses
isolated
2 Kellogg- 
Wallace 
Idaho 
(Bos)
? + 4- 4- 4- 4- Mottle 
& wilt
3 Beartooth 
Lake camp­
ground, alt. 
9,000 ft. 
Wyoming 
(ABC)
? 4- 4-, INS 4- 4“ Mottle 
& wilt
4 Lake Creek 
Wyoming 
(ABC)
? + + + ,INS 4- 4- Mottle 
& wilt
5 Red Lodge 
Montana 
(ABC)
+ 4* 4* 4- 4- 4- Mottle 
& wilt
6 West Mis­
soula 
Montana 
(ABC)
+ 4- 4-,LL LL,LLY
SN
4- + Mottle, 
Wilt & 
AMV *
7 Poison 
Montana 
(AB)
4- — —
Ô Poison 
Montana 
(AB)
4" — — —
9 Flathead 4- 4- DM 4- 4- MottleLake
Montana
(AB)
10 Kalispell Montana 
(AB)
+ ,IN +
& wilt
Mottle
& wilt
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TABLE 15 - continued
8
11 Whitefish 
Montana 
(AB)
Mottle
12 West Glacier 
Montana 
(AB)
4- Mottle 
& wilt
13 Lake Mac­
Donald,Gla­
cier Park 
Montana 
(AB)
14 Sun Road 
Creek, West 
side Contin­
ental Divide 
Montana 
(AB)
15 Carway,near 
Canadian bor­
der, Montana 
(AB)
16 East Glacier 
Montana 
(AB)
17 Conrad 
Montana 
(AB)
18 Great Falls 
Montana 
(AB)
19 Sun River 
Montana 
(AB)
20 Lincoln 
Montana 
(AB)
+,IN +,INS +
+,1N +,INS +
+,INS +
4-, INS 4-
M 4-, INS +
4-, INS
4., INS 4.
4- Mottle 
& wilt
Mottle 
& wilt
Mottle
Mottle
Mottle
Wilt
Mottle
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table 15 — continued
Ô 9
21 Potomac 
Montana 
(AB)
22 Bonner 
Montana 
(AB)
23 Berkeley 
California 
(Gold)
24 Durham 
N.H.
(Kilpatrick)
25 Durham 
N.H.
(Kilpatrick)
26 Durham 
N.H.
(Kilpatrick)
27 Durham 
N.H.
(Kilpatrick)
2Ô Durham 
N.H.
(Kilpatrick)
29 Durham 
N.H.
(Kilpatrick)
30 Durham 
N.H.
(Kilpatrick)
31 Durham 
N.H.
(Kilpatrick)
32 Tucson 
Arizona 
(Siegel)
m INS
INS,SNS, - 
m
INS
+ Mottle 
& wilt
Mottle 
& wilt
... 4*̂ INS +
+,1N +,1NS +
m N,1NS ..
N,INS
m m,lNS,N - + Wilt
4- Wilt
+ Wilt
m 1NS,SNS - 4. Wilt *
Mottle
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TABLE 15 ^ continued
33 St. Paul 
Minnesota 
(Christensen)
34 St. Paul 
Minnesota 
(Christensen)
3 5 Purdue 
Indiana 
(Bancroft)
36 Purdue 
Indiana
(Bancroft)
37 Purdue 
Indiana
( Bancroft)
33 Purdue 
Indiana 
(Bancroft)
39 Purdue 
Indiana 
(Bancroft)
40 Norman 
Oklahoma 
(Anderegg)
41 Norman 
Oklahoma 
(Anderegg)
42 Norman 
Oklahoma 
(Anderegg)
43 Norman Oklahoma 
(Anderegg)
44 Prosser 
Washin^on 
(Burke)
+,IN m,N,INS -
+,IN INS,SNS -
+, IN m
+,INS
SNS
INS,SNS
+,IN +,INS
m, IN
,IN
.,INS
SNS
+,INS
SNS
Wilt
Wilt
Wilt
Sample
decayed,
discarded
Wilt
Wilt
Mottle 
& wilt
Wilt
Wilt
Mottle
& wilt
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table 15 “ continued
1 2 Ô 9
45 Lexington 
Kentucky 
(Diachun)
46 Madison 
Wisconsin 
(Hagedorn)
47 Madison 
Wisconsin 
(Hagedorn)
4Ô Madison 
Wisconsin 
(Hagedorn)
49 Madison 
Wisconsin 
(Hagedorn)
50 Logan 
Utah
(Cochran)
51 Logan 
Utah
(Cochran)
52 Logan 
Utah
(Cochran)
53 Logan 
Utah
(Cochran)
54 Logan 
Utah
(Cochran)
55 Logan 
Utah
(Cochran)
56 Logan 
Utah
(Cochran)
IN +^N^INS^ +
SNS
+,IN
+,IN +,INS
+,IN INS
+,IN +,INS +
-,IN -
+,IN +
+,IN +
+,IN +
Mottle 
& wilt ^
Wilt
Wilt
Wilt
Wilt
Mottle 
& wilt
Wilt
•f Mottle
Mottle 
& wilt
Mottle 
& wilt
Mottle
& wilt
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TABLE 15 - continued
4 6 ô 9
57 Lincoln 
Nebraska 
(Brakke)
5Ô Lincoln 
Nebraska 
(Brakke)
59 Lincoln 
Nebraska 
(Brakke)
60 Urbana 
Illinois 
(Thornberry)
61 Urbana 
Illinois 
(Thornberry)
62 Urbana 
Illinois 
(Thornberry)
63 Raleigh 
North Carolina 
(Dyson)
64 Wenatchee 
Washington 
(Kirkpatrick)
65 Wenatchee 
Washington 
(Kirkpatrick)
66 Wenatchee 
Washington 
(Kirkpatrick)
67 Wenatchee 
Washington 
(Kirkpatrick)
68 Geneva 
New York 
(Schroeder)
+,IN +,SNS
4.̂ IN INS
+,IN +,N,IN5, ? 
SNS
+,IN +,INS,
SNS
+,IN INS
.,IN
+,IN
+,INS;
SNS
4-jINS*>N^ 4-
SNS
+*INS;N* ••• 
SNS
+,IN INS^N> *, # 
SNS
Wilt
+ Wilt
Wilt
Wilt
Wilt
Wilt
Mottle 
& wilt #
Mottle 
& wilt
4- Wilt
Mottle 
& wilt
5h
TABLE 15 - continued
Ô 9
69 Geneva 
New York 
(Schroeder)
70 Geneva 
New York 
(Schroeder)
71 Davis 
California 
(Raski)
72 Davis 
California 
(Raski)
73 Davis 
California 
(Raski)
74 Harrow 
Ontario 
(McKeen)
75 Missoula 
Montana 
(ABC)
76 Beltsville 
Maryland 
(Scott)
77 Yonkers 
New York 
(Porter)
78 Yonkers 
New York 
(Porter)
79 Manhattan 
Kansas 
(Sill)
80 Manhattan 
Kansas 
(Sill)
+,IN
-,IN
+jINSj
SNS
+,INS,
SNS
+,IN INS +
-f^IN +*lNSjNj —
SNS
,IN +,1NS*N* 4- 
SNS
IN +,lNS;Nj 
SNS
.,IN +,INS,N,
SNS
+,1NS
.,INS
+ Wilt
Wilt
Mottle 
& wilt
Wilt *
Mottle 
& wilt *
? ? *
? *
Wilt
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1 2 3 4 5 6 7 9
Ô1 Manhattan 
Kansas 
(Sill)
- — + ,IN INS - 4- Wilt
Ô2 Riverside 
California 
(Desjardins)
+ 4- +,IN + 4- 4* Mottle 
& wilt
Ô3 UCLA, Los 
Angeles 
(Solberg) ■ '
+ N,INS 4- Wilt
m
M
INS
SNS
IN
N?
ABC*
AMV
Simi
= diffuse mottle 
= mottling
= Necrotic spotting on inoculated leaves
= necrotic spotting on systemic leaves
= internal necrosis in petioles and veins
— necrosis in stem
s reaction questionable, also suggests the presence of some other 
virus
= no apparent symptoms 
= plant species not inoculated
- collections made by âgrawal. Bos, and Chessin
s these samples were also tested against Alfalfa mosaic virus anti­
serum obtained from Dr* Moorhead-Ball, Nebraska, U.S.A., and Dr* 
Gibbs, Rothamsted Experiment Station, England, but in all cases 
gave negative results with the exception of No* 6.
= Alfalfa mosaic virus
lar descriptions with small letters indicate those symptoms were mild*
DISCUSSION
Host range studies and symptomatology were the primary basis for 
characterization of viruses and virus diseases for quite some time and 
as a result quite often new virus names have been added to an already 
existing long list. On the other hand, importance of such studies for 
preliminary considerations and comparison cannot be overlooked* The mag­
nitude of variation due to different varieties under different conditions 
can not be predicted, and it is essential that such studies in all possi­
ble cases should be supported by serology, electron microscopy, and other 
physico-chemical methods. The occurrence of mixtures of viruses consti­
tuting a complex in field collections is another limitation and complicates 
the interpretation and reliability of host range studies* This has been 
realized and a good proof is furnished in the present investigation* In 
one field sample at least, positive identification of Alfalfa mosaic virus. 
Pea mottle virus and Pea wilt virus was possible and the viruses separately 
isolated* Although no attempts were made to isolate any other viruses be­
sides these, from the field collections used for the present investigations, 
the possibility of the presence of other viruses cannot be ruled out.
There has been some controversy as to the nature of White clover 
mosaic virus since Pierce (1935), Zaumeyer and Wade (1935), and Weiss 
(1939) reported a single virus causing White clover mosaic* Zaumeyer and 
Wade (1935), however, found that the White clover mosaic virus (so-called 
Trifolium virus l) produced two types of symptoms on many bean varieties 
and they reported two different temperatures of virus inactivation sugges­
ting that two viruses might be involved. They, however, did not make any
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attempt to separate the suspected constituents* Later Johnson (1942) re­
ported that a complex of two viruses was involved* He named the two vi#* 
ruses Pea mottle virus and Pea wilt virus on the basis of their symptoms 
on pea plants and suggested a method of separation of the two viruses.
No work was done since Johnson's (1942) publication on the complex nature 
until Scott (1959) made a study of White clover mosaic virus from Calif­
ornia* Scott could not find any evidence for the complex nature of the 
virus, and as a result of his study concluded that it was a single virus* 
He further suggested that the names Pea mottle virus and Pea wilt virus 
as suggested by Johnson (1942) be set aside on the basis of his work and 
the name White clover mosaic virus be retained.
Smith (1957) makes White clover mosaic virus synonymous to Pea 
mottle virus of Johnson and to White clover virus 1 of Pierce (1935) and 
prefers to call it Trifolium virus 1, Smith. The reasons for his doing 
so are not mentioned* He felt that the White clover virus 1 of Pierce 
and White clover mosaic virus of Zaumeyer and Wade (1935) are evidently 
the same virus or strains of the same virus* According to Zaumeyer and 
Wade (1935); Pea mottle virus produces local necrotic lesions on the ino­
culated leaves of French bean, Phaseolus vulgaris» the lesions appearing 
in thirty-six to forty-eight hours after inoculation. Pierce (1935) was 
unable to obtain definite local lesions on Phaseolus vulgaris. None of 
the later workers have been able to get any local lesions on this species 
with either of the white clover mosaic components. This leaves a doubt 
as to whether Zaumeyer and Wade were dealing with the WCMV complex or 
some other virus* Pierce usually found a systemic mild mosaic and in 
some instances a slight necrosis on the inoculated leaves. These symptoms 
were also found by later workers * Smith does not make any mention at all
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of the Pea wilt virus reported earlier by Johnson as one of the two com­
ponents of white clover mosaic complex.
Klinkowski (1958) recognizes Pea mottle and Pea wilt viruses of 
Johnson (1942) as constituting the white clover mosaic complex in America 
but agrees with van der Want (1954) and other European workers in so far 
as there being no complex reported from these countries. The Review of 
Applied Mycology (1957) lists both Pea mottle and Pea wilt viruses recog­
nizing them as the two components of White clover mosaic virus complex#
Bos et al (1959, I960), Fry et al (1959, I960) and Bancroft et al 
(i960) with their studies on White clover mosaic virus did not find any 
evidence for a complex* Pratt (in manuscript) however, found two viruses 
as reported by Johnson and could isolate them* In the presait investiga­
tions the White clover mosaic virus has been found to be of complex nature 
and the Pea mottle and Pea wilt viruses have been separately isolated*
A basic host range study of the Missoula White clover mosaic virus 
was made (TABLE l) using most of the important species included by John­
son and Scott and attempts were made to use the same varieties as far as 
possible* In addition, many more varieties of some of the species such 
as Spinacia oleracea, Cucumis sativus# Lathyrus odoratus » Phaseolus vul­
garis# and Pi sum sativum were used in the present study to reveal any 
marked varietal differences* Johnson (1942) was able to isolate Pea 
mottle virus through dodder and Pea wilt virus through cowpea* He re­
ported that dodder could transmit only Pea mottle virus and that cowpea 
plants were only susceptible to Pea wilt virus* All my attempts to re­
peat this method of isolation of the two components failed* It was found 
that the Missoula WCMV infects cowpea producing systemic mild mottle and 
minute irregular necrotic spots on the leaves appearing at irregular
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intervals whereas Johnson (1942) reported that his Pea wilt virus causes 
mild mottle and brown local lesions. Scott (1959) reported mild mottle 
and chlorotic local lesions on primary leaves on this species, which 
agrees with the Missoula WCMV reaction. This difference in the reaction 
of cowpea could be due to the use of different varieties since Bos et al 
(1959) from the Netherlands reported that their WCMV produced small choco­
late brown necrotic lesions on the upper side of the primary leaves and 
an irregular systemic mosaic on one variety whereas the other variety 
(^HLack ^e*) did not show any brown local lesions on the primary leaves. 
Bancroft et al (I96O) reported the production of local lesions in inocu­
lated leaves and a systemic reaction on the variety 'Black eye'. Pry 
(1959) from New Zealand reported that his Clover mosaic virus produces 
only a vein clearing in young leaves on cowpea. Gomphrena globosa, Beta 
vulgaris, and Chenopodium amaranticolor were used in the present study 
and have been found to produce distinct symptoms.
The symptoms produced on Vicia faba, Phaseolus vulgaris, Pisum 
sativum, and Trifolium repens as reported by different workers with their 
Clover mosaic virus are in general agreement with the present work. How­
ever, certain differences in the details of symptom expression and its 
intensity are noticed. The Missoula WCMV was found to produce very bright 
mosaic symptoms on white clover in contrast to the Dutch WCMV where it 
was difficult tô  see symptoms on this species. Bancroft et al (I96O) was 
able to obtain local lesions on Datura innoxia Mill* and D, stramonium 
L, with White clover mosaic virus from Indiana. The Missoula WCMV did 
not produce any symptoms on these species. The different WCMV isolates 
from various countries show a difference in their reaction to cucumber 
(Cucumis sativus) as reported by some investigators. The Missoula WCMV,
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however, did not give any reaction on any of the cucumber varieties inocu­
lated and no virus could be recovered from the inoculated plants. These 
observations indicate a possibility of the presence of different strains 
of the virus. The reaction of spinach (Spinacia olerac^ea) to different 
isolates of WCMV is quite marked in that the Missoula isolate produces a 
distinct systemic mottle on this species whereas Bos et al (1959) and Fry 
(1959) could not find any symptoms on this species with their isolates.
Back inoculations from inoculated leaves of Gomphrena globosa to peas re­
sulted in systemic mottling on the latter host. In all the earlier inocu­
lations direct to peas, wilting was the predominant symptom. This suggested 
a complex nature for the Missoula WCMV. Back inoculations from inoculated 
Chenopodium amaranticolor to peas also resulted in mottling on the latter 
species. This indicated that probably mottle could be separated through 
these hosts and a more precise method of separation could be found as 
discussed under experimental results.
All attempts to transmit the White clover mosaic virus with Myzus 
persicae Sulz.and Bemisia tabaci Genn. failed. No insect transmission 
has so far been reported by any of the workers for this virus. Attempts 
to transmit the virus through seeds of Phaseolus vulgaris, Vigna sinensis, 
and Trifolium repens did not give any positive results.
A study of the thermal inactivation point of the virus revealed 
it to be between 75^-ÔO^C., higher than what has been reported by some 
workers (TABLE 7), but agreeing with Bancroft et al (i960). The dilution 
end point as reported by different workers shows quite a range (TABLE 7)> 
the lowest being 1/2000 and the highest being 1/1,000,000,000. The 
Missoula WCMV gave a range of l/lO,000-1/100,000.
Gomphrena globosa was tested as a local lesion host and this
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species was found to be very diagnostic. Using different buffers as di­
luents it was found that maximum number of local lesions are produced 
when O.OIM phosphate buffer pH 7 is used. The use of this plant for 
quantitative work needs further investigation.
Serological studies made with the Missoula WCMV and the tests made 
against the antiserum obtained locally in this laboratory and that ob­
tained from different workers showed a relationship between this isolate 
and the White clover virus of Bos et al, Bancroft et al, Scott, Pratt, 
and Quantz, as also reported by Bos et al (I96O)*
The two components of White clover mosaic virus complex have been
successfully separated using cowpea and Chenopodium amaranticolor as des­
cribed earlier. The separation of the two components by Johnson apparent­
ly was more or less accidental since it could not be duplicated. Electron 
microscope studies of the Missoula WCMV showed that the two viruses are 
morphologically similar but differ in their size in that the Pea mottle 
virus showed a modal length of 475-525 m^ and the Pea wilt virus showed 
a peak around 450 ry. The two viruses were found to be completely unre­
lated serologically. In the light of the existing confusion in the nomen­
clature of the two components by different workers it is being suggested
that the names Pea mottle virus and Pea wilt virus be replaced with White
clover yellow mosaic virus and White clover mosaic virus respectively, 
since the two viruses have been isolated from white clover and produce 
diagnostic symptoms separately on this species. A careful correlation 
of all the data on White clover virus by different workers, including the 
present study, suggests that the White clover mosaic virus of Bos et al. 
Fry, and Bancroft et al were identical to Johnson* s so-called Pea wilt 
virus whereas Scott's White clover mosaic virus was a complex, evidences
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for which could not be detected by Scott at that time. This pattern of 
occurrence of the two viruses in different countries is very interesting 
and encouraged a more detailed study of the distribution of the two virus­
es in the United States (TABLE 15)* It is further interesting to note 
from these data that the two viruses apparently are restricted to certain 
localities.
It is evident from this study that all the available tools must be 
applied in the identification and characterization of a virus since deci­
sions based on any of them individually or only on some of them may not 
lead to a definitive identification of a virus. To avoid any future com­
plications and unnecessary duplications, interpretations and decisions 
should not be made unless results obtained from different techniques are 
available for a particular sample.
SUMMARY
The occurrence of White clover mosaic virus complex is recorded 
in Montana for the first time. The presence of Alfalfa mosaic virus.
Pea mottle, and Pea wilt virus in white clover is a new record from this 
state. A detailed host range study of the White clover mosaic virus was 
made. The Missoula complex was found to be similar to Johnson*s complex, 
but all attempts to duplicate his procedure of separating the two compon­
ents, Pea mottle and Pea wilt, failed* A new procedure as suggested by 
Dr. Pratt for separating the two component viruses was confirmed. Gom­
phrena globosa has been found to be a suitable local lesion host for Pea 
mottle virus.
Antisera were obtained using the adjuvant technique and serolog­
ical tests were performed using different antisera. The two viruses. Pea 
mottle and Pea wilt, were found to be serologically distinct and unrelated.
Electron microscope studies revealed that both the viruses are 
morphologically similar, being flexible rods. The Pea mottle virus was 
found to have a modal length of 475-525 IJH and the Pea wilt virus a peak 
around 45o n^. The new names White clover yellow mosaic virus and White 
clover mosaic virus have been suggested for Pea mottle and Pea wilt, res­
pectively, to resolve the existing confusion in the nomenclature of White 
clover mosaic virus reported from different countries. The results of 
different workers from different countries have been explained and corre­
lated on the basis of the present work and this gave an indication of 
the distribution of the two components in different countries. Distribu­
tion of the two viruses in different parts of the United States was stu­
died and it was found that only one component is present in certain
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localities while both of them occur in others.
The importance of different tools such as host range studies, 
physico-chemical methods, serology, and electron microscopy for relia­
ble identification and characterization of viruses has been emphasized,
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